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REDUCED EPIDERMAL CYCLIC AMP ACCUMULATION FOLLOWING 
PROSTAGLANDIN STIMULATION: ITS POSSIBLE ROLE IN THE 
PATHOPHYSIOLOGY OF PSORIASIS 
KAZUO Aso. M.D. , ELAI NE K . O RENBEIlG. P H.D ., AND EUGENE M . F AIlBER , M .D. 
D epartments of Dermatology and Psychiatry (EK Ol. Stanford University School of M edicine. Stanford . Califomia 
Si nce prostagland ins a re known to be one of t he modul ato rs of cyclic AMP, a study of t he 
role of prostaglandins and the ir relat ion to t he regulat ion of t he nucl eot ide in psoriasis was 
ini tiated. Guinea-p ig epiderma l prepa rations were incubated with prostagland ins (PGs) in 
t he presence of t heophylline. PGE I increased cyclic AMP levels 3.5-fold whereas a 2-fold 
increase was seen wit h PGE 2 and PGA I • T he increase in cyclic AMP acc umulation was lin ear 
wit h increas ing concent rat ion of PGE I , from 10- 11 to 10- ' M . 
PGE I s ignificantly in creased cyclic AMP in psoriat ic epidermis in vitro; however , the 
st imula tion of cycl ic AMP acc umul at ion was s ignifi cant ly less in invo lved epidermis as 
compared with uninvolved t issue. The specificity of t his st imulat ion, its occ Ul'~'en ce at 
phys iologic levels, and the decreased respons iveness of t he cycl ic AMP system in pso ri at ic 
epide rmis to PGE I stimulation suggest t hat t he a lte red response of epidermis to PGs ma.v be 
one of t he facto rs in t he pathophys iology of psorias is . 
Acc u mul at ing ev idence indicates the impor-
tan ce of t he role of cycli c AMP in t he regulation of 
ce ll ul a r proliferat ion and maturat ion 11]. Inves-
t igator have suggested t hat a poss ible defect of the 
adenyla te cyclase- cyclic AMP cascade might be 
res pons ibl e for t he a ltered cellul ar activ it ies assoc i-
ated with pso ri as is [2,3 ]. A defic iency a nd abnor-
mal behavior of adenylate cyclase in pso ri atic s kin 
have been reported [4]. In add it ion , it has been 
s u ggested t hat involved psoriat ic epiderm is has 
decreased levels of cycl ic AMP and increased 
cyclic GMP and t hat an imba lance in t he ratio of 
t h e two nucleot ides may be relevant to a ltered 
ep idermal funct ion in the disease [5 ]. 
Previous ly, we have demonstrated t he occur-
rence of pro taglandins (PGs) in hum an and gui-
n ea- pi g ep idermis, PG release fo llowing iso-
prote renol st imu lat ion, and reduced synt hes is of 
PGE 2 from la beled a rac hidonic ac id in pso ri at ic 
epidermis [6 ]. In t he present study we have inves t i-
gated t he effects of PG st imul ation on cyc lic AMP 
accumula t ion in normal-appearing unin vo lved and 
involved psoria t ic e pidermis. T hese resu lts indi- , 
cate a possib le role of PGs as moclulators of t he 
ep idermal cycl ic AMP system. 
MATERIALS AND METHODS 
Materials. Cycli c AMP a nd theophy llin e were pur-
c h ased fro m S igm a Ch emical Co mpa ny, triti a t ed cycl ic 
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AMP from Schwarz Bio Resea rch , a nd a luminum ox ide 
(Ne utra l, Activ ity l) from M erc k. Pros taglandins were a 
g ift from the Upjohn Co mpany . K a la m azoo, Michigan . 
Stock so lu t ions of pros taglandins (1 mg/ mll were pre-
pared fresh before each experim ent and were d isso lved in 
95 % etha nol. These were t.hen di lu ted 1: J 00 or mo re wit h 
a n aqueous so lu t ion conta ining 0.1 mg/ ml K,CO" a nd 63 
)lg/ml bov in e serum a lbumin acco rdi ng to Robison et a l 
[7 J. Iden t ica l solutions wit hout PGs were used in contro l 
experim ents. 
Tissue preparation. Two- to three-month-old gu inea 
pigs were kill ed by exsanguin a t ion , t he ir s kin removed. 
s haved. a nd s urface debris removed . Epiderma l s h eets 
we re cut with a Castroviejo e lectrokerato me se t to 0 .1 
mm depth. The resultin g hee t was cut into s mall 
fra gm ents a nd ra ndom ly sam pl ed fo r assay. Ep id ermis 
from a s ingle an imal was used fo r a ll experim ent a l 
conditions in a g iven s tudy. For multiple point s at eac h 
condition , ep iderm is from seve ra l an ima ls \vas used. with 
each contributin g tissue fa r a control a nd a complete 
seri es o f conditions. S kin fro m pat ient s was loca ll v 
anest hetized with xy loca in e pr io r to excis ion. Huma~ 
ep idermal s heet.s we re c ut with a kera tome at a de pth of 
",,0.2 mm fa r uninvolved s kin a nd ",,0.4 mm for involved 
psoriatic s kin a fter remov in g scales wh ich were eas ily 
detached from th e les ions . These d epths were se lec t ed to 
obtai n sa mpl es of reasonab l~1 pure ep id ermis with little 
papillary dermis as demons t rated by his tologic exa mina -
tion of each s kin sa mple. Criteria fo r sa mpli ng and 
histo log ic accep tab ility were acco rding to Voorh ees el a l 
[3 1. Selected psoriat ic plaques h ad no t been trea ted for 2 
weeks prio r to re mova l. 
Tn t hese s tudies we have used th e wet we ight o f the 
t iss ue s pec imen as t he reference of measm e ment as 
s uggested by Ha lpr in et a l 18 J. 
Determination of cyclic AMP. Epiderma l s lices (ap-
proximately 20 mg wet weight) we re prein cubated in 
Bu llough 's s t a ndard phos phate bufTer. pH 7.4 19J co n-
ta ining 2 mM t heophylline at 37°C for 20 min in order to 
stabilize t he initia l leve l of cyc lic AMP. th en in cubated 
fo r a n additiona l 20 min with or without prostagla ndins 
PGE" E 2 , F' n, F"" A" an d B, (6 JIM) . In cuba tions we re 
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terminated by freezing on dry ice- acetone. Homogenates 
were made in ice-cold 6% trich loroacet ic acid (1 m I for 10 
mg wet weight of ti ssue) contain in g a trace a mount of 
tritiated cycl ic AMP for determination of recovery , 
centrifuged at 15,000 x g for 15 m in at 0- 4°C, a nd the 
supernatan t extracted 3 times with d iethyl ether. The 
nucl eotide was separated on aluminum ox ide columns 
(0.5 x 6 cm) a nd eluted wi t h 50 mM Tris-HCI buffer, pH 
7.6. The eluat e was evaporated to dryness in a water bath 
(60 °C) with filtered a ir and the res idue resolubilized in 50 
mM sodium aceta te buffer, pH 4.0. Cyclic AMP was 
quantitated by th e prote in binding assay of Gi lm an [101. 
Triplica te aliquots of each preparation were assayed. 
RESULTS 
Epiderm al preparations from guinea-pig skin 
were incubated with a series of PGs including 
PGE" E 2 , F" ... F 2a , A" and B, (6 j.LM) in the 
presence of theophy lline, an inhibi tor of cycl ic 
nucleot ide phos phodi esterase (Fig. 1). PGE" 
PGE 2 , and PGA, were found to s ignificantly (iJ < 
0.01) increase cycl ic AMP levels. There was a 
3.5- fold increase in cyclic AMP concentration of 
the epiderm is with PGE, and a greater than 2-fold 
increase with PGE 2 and PGA,. No st imulation was 
obse rved with other PGs. Thus, in t he presence of 
theophy lline, PGE, appears to be t he most potent 
stimulator of epidermal cyclic AMP accumulat ion 
and, therefore, was selected for eva luation in t he 
following studies. The time course evaluation of 
th is cycl ic AMP accumulation wit h PGE, (6 j.LM ) is 
s hown in Figure 2. Cycli c AMP accumulated 
rapidl y, exceeding the con trol value by 80% within 
5 min, and by 250 % at 20 min . Levels then 
graduall y declined after 30 min but did not reach 
the baseline va lue at 60 min. 
When epidermal preparations were incubated 
with various .concentrat ions of PGE, in · the pres-
ence of theophy lline, t he increase in cyclic AMP 
concentration was linear with increasing concen-
tration of PGE, from 10- 11 M to 10- 5 M (regression 
coefficient = 1.39, p < 0.05) (Fig. 3). A response 
of 159 % of control val ues is demonstrated with 
10 - 11 M PGE, and as much as 376% with 10- 5 M. 
The concentration of PGs in most tissues stud ied 
including skin is of the order of 10- 7 to 10- 8 M [6, 
11). 
Stimulation of cyclic AMP accumulation by 
PGE, in the presence of theophylline in unin-
volved and involved epidermis of psoriatic patients 
is presented in Figure 4. Statistical analysis em-
ployed the 2-way design analysis of var iance with 
repeated measures. Analysis of replicate samples 
of both control a nd stimulated uninvolved and in-
volved psoriatic skin ref1ected little error in mea-
surement. After 40 min of incubation in vitro the 
mean cyclic AMP concentra tion in the involved ep i-
dermis was 1.25 ± 0.15 pmoles/mg wet weight as 
compared to 1.85 ± 0.45 pmoles/mg wet weight in 
normal-appearing uninvolved ep idermis. These 
levels are in agreement with previously reported 
values in which epidermal tissue was not incu-
bated [2,5]. The concentration of cycl ic AMP in the 
psoriatic plaques of 5 of the 9 subjects investigated 
was lower (32%) than that in the uninvolved epi-
G; 
~ 8 
0> 
E 
"-VI 6 
QJ 
"0 
E 
8 4 
E-
o... 
::;; 2 
<1 
~ 
u 
>-
u 
Vol. 65, No . 4 
control EI E2 FlOC F2 r/. AI 
prostaglandin (6 x 10- 6 ,..) 
FIG. !. Stimulation of cyclic AMP acc umulation in 
guinea-pig epidermis by prostaglandins. Triplica te sam-
ples were assayed for each prostaglandin and control. 
Resu lts are ex pressed as mean SEM. 
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FIG. 2. T ime course response of cycl ic AMP accumula-
t ion in guinea-pig epidermis to PGE I stimulation. Tripli-
cate sampl es were assayed. . 
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FIG. 3. Effect of increasing concentrations of PGE I on 
the level of cyclic AMP in guinea-pig epiderm is in vitro. 
Results are expressed as mean ± SEM of 6 sa mples at 
each concentration. 
dermis of the same 5 subjects. However, analysis 
of all patients studied indicated no significant dif-
ference (0.10 > p > 0.05) in cyclic AMP in unin-
volved and involved epidermis. This probably re-
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F IG. 4. Cyclic AMP concent rat ion in uninvolved a nd 
involved epidermis of psori at ic patients a nd t he effect of 
PGE , on t he st imulation of cyclic AMP acc umula t ion. 
Triplicate a liquots of eac h skin type were taken for eac h 
experimenta l condi tion from 9 difTerent patients. Results 
are ex pressed as mean ± SEM. 
flects the considerable individua l variabi li ty in 
nucleotide levels among the patients sampled. 
Preparations of both uninvolved and involved ep i-
derm is incubated with PGE, (6 tLM) showed a 
highly s ignificant (p < 0.005) increase in cyc li c 
AMP accumulation. The uninvolved epidermis re-
sponded to sti mulation to a greater extent (p < 
0.025) with level s of cyclic AMP of 4.2 ± 1.0 
pmoles/mg wet weight than did the involved 
psoriatic epidermis with 2.1 ± 0.12 pmoles/mg wet 
weight. Based on t he median percent increase in 
cyclic AMP this represents a response of 110% 
(range 51- 402%) over control values in uninvolved 
epidermis as compared with 69% (range 18-164%) 
fo r pso riati c epidermis. Since the assumption of 
random variability could not be made, a nonpara-
metric test was used to ana lyze percent stimula-
tion by PGE, with consideration of the differences 
in response in both types of epidermis sampled 
from the sa me patient. The Wilcoxon matched-
pairs, s igned-rank test indicated that the response 
in terms of percent increase of the uninvolved epi-, 
dermis was s ignifi cantly greater (p < 0.05). 
DISCUSS ION 
Recen t ev idence suggests t hat PGs participa te in 
the regulat ion of cellular levels of cycl ic AMP. In 
most tissues studied, the E-type PGs sti mulate 
adenylate cyr.iase, producing an increase in the 
nucleotide. This regulatory role of PGs is probably 
localized since PGs are synthesized and released at 
t heir s ite of action [1 2 ]. From our observations the 
PGs which are most likely to be respons ible for 
these effects in epiderm is are PGE" PGE 2 , a nd 
PGA, . PGE, has been identified in the ep idermis 
[6 ,13 ] and t he majority of t he PG biosynthetic 
capacity of skin is found in epidermis [14 J. In 
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addition , both 20:4 (arachidonic ac id) and 20:3 have 
been shown to be substrates fo r s kin PG synthetase 
a nd are converted to PGE, and PGE 2 to approxi-
mately t he sa me exten t [15 ]. St imul at ion of cyclic 
AMP accumul at ion in v it ro by PGE, suggests t hat 
t he PG may be one of the physiologic modu lators of 
the epid ermal cycl ic AMP system in vivo. Cyclic 
AMP accumul at ion wi t h as Iowa concentration as 
10- " M PGE, indicates t he sens it ivity of t his 
res ponse. However, a ppreciab le changes in cycl ic 
AMP levels are achieved only with exogenous PG 
concentrations which a re 10- to 1000-fold greater 
than the endogenous level. 
The F -ty pe PGs have been shown to exert a 
sti mul atory effect on cycl ic GMP and to demon-
strate effects oppos ing t hose of E-type PGs in 
several t iss ues [16,17 ]. A similar bidirectional 
control of bio logic act ivity has been shown to ex ist 
between cyclic AMP and cycl ic GMP [5,16J. S ince 
PGF20 has been ident ified in t he human and 
guin ea-pig epiderm is [6 ], it is tempting to specu-
late that cycl ic GMP may be regulated by the 
F-type PGs and cycl ic AMP regulated by t he 
E-type PGs in t he epiderm is, in t he sa me manner 
as proposed by Kuehl et a l [16J for other t issues. 
S ince t he presence or absence of t heophy\l in e, a 
phosphodiesterase inhibito r, does not a lter t he 
ab ili ty of PGE, to increase cycl ic AMP concent ra -
tion , adenylate cyclase is proba bly t he enzy me 
sti mul ated by PGE, (un published data). An a lter-
at ion of t he intramembranous or in tercellul ar pool 
of ca lcium is ass umed to playa s ignificant role in 
t he acc umulat ion of cycl ic AMP. Ramwell and 
S haw [18 J have hypothes ized that PGs displace 
calcium , producing a sod iu m influx which is re-
sponsible for the activation ofthe cata lytic subuni t 
of adeny late cyclase. Rasmussen [19 J reports t hat 
t hese changes are dependent upon the cytoplas mic 
conte nt of ca lcium . These observat ions may ex-
pla in , in part , the failure of PGE , and PGE 2 to 
sti mulate adenylate cyclase in the presence of a 
chelati ng agent in reports by Marks and Rebien 
[20 ] and Mier and Urselm ann [21 ]. . 
The reduced response of psori atic epidermi to 
PGE, may res ul t from a lterat ions of an activat ion 
s ite of adenyl ate cyclase or some other enzyme 
involved in cyclic AMP regu lation. Electron m icro-
graphs of plas ma mem branes from psoriatic kerat i-
nocytes show significant structura l changes [22]. 
Further, a reduced res ponse of adenylate cyclase to 
epinephrin e and sod iu m fluoride in these cells has 
been demonstrated [4 J. Such findings suggest t hat 
t he observed changes in reduced cycl ic AMP 
accumulation may be related to adenylate cyclase 
itself. However, t here is ev idence t hat t here are 
changes in PG synt hes is which may a lso be in -
volved. For example, a reduction in the syn thes is 
of PGE 2 and a decreased concent ration of E-type 
PGs in invo lved psoriat ic ep idermis has been 
reported (6]. Other possible explanatio ns, such as 
increased cell permeabi li ty which might allow 
cyclic AMP leakage, cannot be rul ed out. 
A reduced cycl ic AMP acc umula t ion with PGE, 
stimulation might explain t he findings of Voorhees 
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et a l [3] that cyclic AMP levels are decreased 
in epidermal lesions of patients with psoriasis. How-
ever, Hiirkonen, Hapsu-Havu, and Haij [23] re-
ported that cycl ic AMP was slightly elevated in 
t hese lesions . Our own in vitro studies show a 
slight decrease in nucleotide concentration in some 
patients, but taken as a group there is no s ignificant 
difference in leve ls of cyclic AMP in uninvolved and 
involved psoriatic tissue. In view of the hetero-
genicity of ep idermal t issue, as noted by Cotton 
[24 ], a comparison between basal levels of cycl ic 
AMP in involved and uninvolved psoriatic ep i-
dermis warrants careful evaluation. Differences in 
cycl ic AMP levels as reported by several investi-
gators may be due to variations in cri teria for se-
lecting t issue, t he biochemical reference of mea-
su rement [8], and tissue handling techniques. For 
example, mechanical s timulation of t issue has been 
shown to cause PG release [25 ]. This latter point is 
of great importance in the study of psoriatic tissue. 
Sampling procedures, such as the forced removal of 
stratum corneum, excision of epidermis by kera-
tome, or homogenization of t issues in a salt me-
dium [25 ] may themselves release PGs and , in 
turn, a ffect levels of cyclic AMP. 
The present s tudy has demonstrated that con-
centrat ions of PGE, which appear to be within t he 
physiologic range stimulate the accumulation of 
epidermal cyclic AMP. Stimulation is s ignifi cant ly 
less in involved psoriati c epidermis. These findin gs 
suggest t hat PGs may be involved in t he control of 
intracellul ar levels of cyclic AMP and t hus in the 
pathophys iology of psoriasis . However, it remains 
uncertain wh ether t hese biochemical a lterat ions 
are characterist ic of psoriasis or represent a general 
phenomenon which may be assoc iated with prolif-
erating epidermis. . 
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